SPECIFICATION 

[Electronic Version 1.2.8] 

HEAT EXCHANGER PACKAGE WITH SPLIT 
CHARGE AIR COOLER 

Background of Invention 

[0001 ] 1 . Field of the Invention 

[0002] The invention relates to heat exchanger devices for cooling fluids used in an 

engine of a motor vehicle, and more particularly, to a heat exchanger package including 
a coupled radiator and charge air cooler for an engine of a heavy-duty highway truck or 
bus. 

[0003] 2. Description of Related Art 

[0004] Heat exchanger packages comprising a radiator and a charge air cooler, also 

known as an intercooler, have been used for years in over the road highway trucks and 
buses and other heavy-duty motor vehicles. The radiators provide cooling for the 
engine coolant, usually a 50-50 solution of water and anti-freeze. The charge air cooler 
receives compressed, charge or intake air from the turbo- or super-charger and lowers 
its temperature before it enters the engine intake manifold, thereby making it denser, 
improving combustion, raising power output, improving fuel economy and reducing 
emissions. In order to optimize heat transfer in a given heat exchanger package size, 
the factors of cooling air flow, heat exchanger core restriction, cooling air flow split and 
cooling air approach and differential temperature must be balanced. 

[0005] Numerous configurations of the radiator/charge air cooler heat exchanger 

package have been disclosed in the prior art. Placing both the radiator and charge air 
cooler side-by-side, so that the full frontal area of each of the cores are exposed to 
ambient cooling air, provides the best performance, but requires the largest package 
frontal area. Limitations in the frontal area of radiator and charge-air cooler heat 
exchanger packages have been sought in order to accommodate the smaller frontal area 
of motor vehicles, as a result of improved vehicle aerodynamics. Heat exchanger 
packages with smaller frontal areas have been disclosed for example in U.S. Patent No. 
4,737,727, U.S. Patent Application Publication No. 2003/0106669, and in U.S. Patent 
Application Serial No. 10/289,513. 



[0006] In another prior art radiator and charge air cooler heat exchanger package, 

depicted in Fig. 1 , the charge air cooler is split between an upper unit 1 01 and a lower 
unit 1 03, disposed respectively behind and in front of radiator 1 07 with respect to the 
direction of air flow 1 27. Radiator 1 07 has a conventional downflow-type tube and fin 
core 1 1 7 between upper tank 1 09a and lower tank 1 09b. Radiator 1 07 receives coolant 
131 from the engine into upper tank 1 09a and the cooled engine coolant exits as 1 33 
from the lower portion of lower tank 1 09b, to be transferred back to the engine. Both 
charge air cooler units 101, 1 03 are cross-flow type charge air coolers wherein the 
compressed charge air is flowed horizontally through the respective tube and fin cores 
111, 113. Compressed, heated charge air 1 21 is first flowed into vertically oriented 
tank 1 05a of upper charge air cooler 101 , through core 1 1 1 in direction 1 29a, and into 
vertical tank 1 05b. In unit 1 01 , the charge air is cooled by air 1 27 as it exits the upper 
portion of radiator core 1 1 7. Thereafter, the partially cooled compressed charge air 1 23 
is then transferred into vertical tank 1 05d of lower charge air cooler 1 03, where it is 
then flowed in horizontal direction 1 29b through core 1 1 3 and into vertical tank 1 05c, 
and thereafter exits 125 and flows to the engine intake manifold. In unit 1 03, the 
charge air is cooled by air 1 27 before it flows through the lower portion of radiator core 
1 1 7. Notwithstanding its novel design, the heat exchanger package of Fig. 1 did not 
achieve good performance and did not go into normal production, to the inventor's 
knowledge. It has now been determined that the performance of heat exchanger 
package of Fig. 1 suffered in large part due to excessive charge air pressure drop 
through the two charge air cooler units. 

[0007] Thus there has been a long-felt need to achieve high performance in cooling 

both engine coolant and charge air, while observing strict limitations in frontal area of a 
radiator/charge air cooler heat exchanger package. 

Summary of Invention 

[0008] Bearing in mind the problems and deficiencies of the prior art, it is therefore 

an object of the present invention to provide a combination radiator and charge air 
cooler which achieves high heat transfer performance with a minimal frontal area. 

[0009] It is another object of the present invention to provide a heat exchanger 

package for cooling different fluids which minimizes the pressure loss to the fluids. 

[001 0] It is a further object of the present invention to provide a method of cooling 

fluids such as engine coolant and charge air used in the engine of a motor vehicle which 
optimizes heat transfer of those fluids to ambient cooling air. 



[001 1] The above and other objects, which will be apparent to those skilled in art, 

are achieved in the present invention which is directed to a heat exchanger apparatus 



comprising a first heat exchanger for cooling a first fluid having opposite front and rear 
faces through which cooling air flows, opposite first and second ends adjacent the faces, 
and sides adjacent the faces between the first and second ends. The heat exchanger 
apparatus also includes a second heat exchanger for cooling a second fluid having two 
portions. Each second heat exchanger portion has opposite front and rear faces 
through which cooling air flows, opposite first and second ends adjacent the faces, and 
sides adjacent the faces between the first and second ends, and includes manifolds at 
the first and second ends and fluid-carrying tubes extending substantially directly 
therebetween. 

[001 2] One of the second heat exchanger portions is disposed in overlapping 

relationship and adjacent to the first end of the first heat exchanger, with the first and 
second ends of the one of the second heat exchanger portions being oriented in the 
same direction as the first and second ends of the first heat exchanger. One face at the 
first end of the first heat exchanger is disposed adjacent one face of the one of the 
second heat exchanger portions, such that the cooling air may flow in series through the 
first end of the first heat exchanger and the one of the second heat exchanger portions. 
The other of the second heat exchanger portions is disposed in overlapping relationship 
and adjacent to the second end of the first heat exchanger, with the first and second 
ends of the other of the second heat exchanger portions being oriented in the same 
direction as the first and second ends of the first heat exchanger. The other face at the 
second end of the first heat exchanger is disposed adjacent one face of the other of the 
second heat exchanger portions, such that the cooling air may flow in series through the 
other of the second heat exchanger portions and the second end of the first heat 
exchanger. The second heat exchanger portions are operatively connected such that 
the second fluid may flow between the second manifold of the one of the second heat 
exchanger portions and the first manifold of the other of the second heat exchanger 
portions. 

[001 3] The second heat exchanger portions may be operatively connected such that 

fluid may flow between the second manifold of the one of the second heat exchanger 
portions and the first manifold of the other of the second heat exchanger portions 
around at least one side of the first heat exchanger, preferably around both sides of the 
first heat exchanger. The manifolds of the second heat exchanger portions may extend 
across the ends thereof, and substantially from one side of the first heat exchanger to 
the other side of the first heat exchanger. 

[001 4] Preferably, the dimension between the first and seconds ends of the second 

heat exchanger portions is less than the dimension from one side of the second heat 
exchanger portions to the other side of the second heat exchanger portions, such that 
the fluid-carrying tubes extend across the shorter dimension of the faces of the second 
heat exchanger portions. The first heat exchanger may also include fluid-carrying 



tubes, with the fluid-carrying tubes of the first heat exchanger extending in the same 
direction as the fluid-carrying tubes of each of the second heat exchanger portions. 

[001 5] The sides of the first heat exchanger may be adjacent each of the sides of 

the second heat exchanger portions, and the first end of the first heat exchanger may 
be adjacent the first end of the one of the second heat exchanger portions and the 
second end of the first heat exchanger is adjacent the second end of the other of the 
second heat exchanger portions. The second end of the one of the second heat 
exchanger portions may be adjacent the first end of the other of the second heat 
exchanger portions. 

[001 6] The manifolds of the second heat exchanger portions may extend 

horizontally, such that the second heat exchanger portions are vertically separated, or 
the manifolds of the second heat exchanger portions may extend vertically, such that 
the second heat exchanger portions are horizontally separated. 

[001 7] At least one of the sides or ends of the first heat exchanger may extends 

outward of a side or end of one of the second heat exchanger portions, wherein the first 
end of the first heat exchanger extends outward of the first end of the one of the 
second heat exchanger portions. Also, at least one of the sides or ends of one of the 
second heat exchanger portions may extend outward of a side or end of the first heat 
exchanger. 

[001 8] Preferably, the first heat exchanger is a radiator for cooling engine coolant 

and the second heat exchanger is a charge air cooler for cooling charge air, with each of 
the radiator and the charge air cooler portions being cooled by ambient air. 
Alternatively, the first heat exchanger is a charge air cooler for cooling charge air and 
the second heat exchanger is radiator for cooling engine coolant, with each of the 
charge air cooler portions and the radiator being cooled by ambient air. 

[001 9] In a preferred embodiment, the present invention is directed to a combined 

radiator and charge air cooler package comprising: 1) a radiator for cooling engine 
coolant having opposite front and rear faces through which ambient air flows, opposite 
upper and lower ends adjacent the faces, and sides adjacent the faces between the first 
and second ends, and 2) a charge air cooler for cooling charge air having upper and 
lower portions. Each charge air cooler portion has opposite front and rear faces through 
which ambient air flows, opposite upper and lower ends adjacent the faces, and sides 
adjacent the faces between the upper and lower ends, and includes manifolds at the 
upper and lower ends and charge air-carrying tubes extending substantially directly 
therebetween. 

[0020] The upper charge air cooler portion is disposed in overlapping relationship 

and adjacent to the upper end of the radiator with the upper and lower ends of the 



upper charge air cooler portion being oriented in the same direction as the upper and 
lower ends of the radiator. One face at the upper end of the radiator is disposed 
adjacent one face of the upper charge air cooler portion, such that the ambient air may 
flow in series through the upper end of the radiator and the upper charge air cooler 
portion. The lower charge air cooler portion is disposed in overlapping relationship and 
adjacent to the lower end of the radiator with the upper and lower ends of the lower 
charge air cooler portion being oriented in the same direction as the upper and lower 
ends of the radiator. The other face at the lower end of the radiator is disposed 
adjacent one face of the lower charge air cooler portion, such that the ambient air may 
flow in series through the lower charge air cooler portion and the lower end of the 
radiator. The charge air cooler portions are operatively connected such that the charge 
air may flow between the lower manifold of the upper charge air cooler portion and the 
upper manifold of the lower charge air cooler portion. 

[0021] In another aspect, the present invention provides a method for cooling fluids 

used in an engine of a motor vehicle, comprising providing a heat exchanger assembly 
as described above, flowing the first fluid through the first heat exchanger, and flowing 
the second fluid through the substantially directly extending tubes of the second heat 
exchanger portions and between the second manifold of the one of the second heat 
exchanger portions and the first manifold of the other of the second heat exchanger 
portions. The method then includes flowing cooling air through the heat exchanger 
assembly such that the cooling air flows through both the first end of the first heat 
exchanger and the one of the second heat exchanger portions, and the cooling air flows 
through both the other of the second heat exchanger portions and the second end of 
the first heat exchanger, to cool the first fluid in the first heat exchanger and the second 
fluid in the second heat exchanger portions. 

[0022] The second fluid may flow in sequence through the second manifold of the 

other of the second heat exchanger portions, the substantially directly extending tubes 
of the other of the second heat exchanger portions, the first manifold of the other of the 
second heat exchanger portions, the second manifold of the one of the second heat 
exchanger portions, the substantially directly extending tubes of the one of the second 
heat exchanger portions, and the first manifold of the one of the second heat exchanger 
portions. The cooling air flows sequentially first through the one of the second heat 
exchanger portions and subsequently through the first end of the first heat exchanger, 
and also flows sequentially first through the second end of the first heat exchanger and 
subsequently through the other of the second heat exchanger portions. 

[0023] Alternatively, the second fluid flows in sequence through the first manifold of 

the one of the second heat exchanger portions, the substantially directly extending 
tubes of the one of the second heat exchanger portions, the second manifold of the one 
of the second heat exchanger portions, the first manifold of the other of the second 



heat exchanger portions, the substantially directly extending tubes of the other of the 
second heat exchanger portions, and the second manifold of the other of the second 
heat exchanger portions. The cooling air flows sequentially first through the first end of 
the first heat exchanger and subsequently through the one of the second heat 
exchanger portions, and also flows sequentially first through the other of the second 
heat exchanger portions and subsequently through the second end of the first heat 
exchanger. 

[0024] Preferably, the first heat exchanger is a radiator and the first fluid is engine 

coolant, and the second heat exchanger is a charge air cooler and the second fluid is 
charge air, with each of the radiator and the charge air cooler portions being cooled by 
ambient air. Alternatively, the first heat exchanger is a charge air cooler and the first 
fluid is charge air, and the second heat exchanger is a radiator and the second fluid is 
engine coolant, with each of the charge air cooler portions and the radiator being cooled 
by ambient air. 

Brief Description of Drawings 

[0025] The features of the invention believed to be novel and the elements 

characteristic of the invention are set forth with particularity in the appended claims. 
The figures are for illustration purposes only and are not drawn to scale. The invention 
itself, however, both as to organization and method of operation, may best be 
understood by reference to the detailed description which follows taken in conjunction 
with the accompanying drawings in which: 

[0026] Fig. 1 is a perspective view of a prior art radiator/charge air cooler heat 

exchanger package. 

[0027] Fig. 2 is a side elevational view of one embodiment of the radiator/charge air 

cooler heat exchanger package of the present invention. 

[0028] Fig. 3 is a top plan view of the radiator of the radiator/charge air cooler 

package of Fig. 2. 

[0029] Fig 4 is a front elevational view of the charge air cooler portion of the heat 

exchanger package of Fig. 2, without the radiator, and showing cooling fins over only a 
portion of the tubes of the core. 



[0030] 
2. 



Fig. 5 is a perspective view of the radiator/charge air cooler package of Fig. 



[003 1 ] Fig. 6 is a front elevational view of the charge air cooler portion of an 

alternate heat exchanger package, without the radiator, and showing cooling fins over 
only a portion of the tubes of the core. 

[0032] Fig. 7 is a perspective view of the radiator incorporated with the charge air 

cooler in the alternate heat exchanger package depicted in Fig. 6. 

[0033] Fig. 8 is a plan or side elevational view of the radiator/charge air cooler heat 

exchanger package of the present invention in relation to a cooling fan. 

[0034] Fig. 9 is a perspective view of a portion of the heat exchanger packages of 

the present invention showing one embodiment of the connecting manifold between the 
two charge air cooler units. 

[0035] Fig. 1 0 is a side elevational view, partially cut away, showing the combined 

radiator/charge air cooler heat exchanger combination of the present invention 
mounted under the hood of a highway truck. 

[0036] Fig. 1 1 shows alternate locations of the combination radiator/charge air 

cooler heat exchanger package of the present invention mounted in the rear of a 
highway bus. 

Detailed Description 

[0037] In describing the preferred embodiment of the present invention, reference 

will be made herein to Figs. 2-1 1 of the drawings in which like numerals refer to like 
features of the invention. 

[0038] A first embodiment of the heat exchanger package of the present invention is 

depicted in Figs. 2-5. A combined heat exchanger package 20 preferably comprises a 
first heat exchanger 22 for cooling a first fluid, preferably a radiator for use in cooling 
liquid engine coolant from a motor vehicle or other internal combustion engine, and 
another heat exchanger having at least two units or portions 30, 32 for cooling a second 
fluid, preferably charge air coolers for cooling compressed charge air from a turbo or 
supercharger of an internal combustion engine. Although engine coolant will be used to 
exemplify the first fluid, and compressed charge air will be used to exemplify the 
second fluid, any other fluids may be substituted. Both heat exchangers are normally in 
an upstanding, essentially vertical position, and are preferably rectangular in shape, and 
the width and length of the combined heat exchanger package is consistent with the 
requirements of the truck or bus engine compartments. Radiator 22 of the present 
invention is preferably a down flow type radiator, wherein engine coolant 40 enters 
through an upper manifold or tank 24a extending substantially the entire width of the 
radiator. The coolant is then distributed from manifold 24a into attached core 26 



having an otherwise conventional construction, which generally comprises downwardly 
extending tubes 23 connected by cooling fins (not shown), so that ambient cooling air 
46 may flow from the front face 28a of the core through and out of the rear face 28b. 
After being cooled by the ambient air, the coolant then collects in attached lower 
manifold or tank 24b also extending across the width of the radiator, and out through 
the coolant outlet 44 for return to the engine. 

[0039] The charge air cooler (CAC) of the present invention preferably comprises a 

split pair of vertically separated units or portions 30, 32. Upper CAC unit 30 is disposed 
in an overlapping fashion with the upper portion of radiator 22, so that the upper edge 
and sides of CAC unit 30 are coincident with and behind the upper edge and sides of 
radiator 22, with respect to the direction of cooling air 46. Front face 35a of CAC unit 
30 is abutted to or slightly spaced from rear face 28b of radiator 22. CAC unit 30 
contains an upper tank or manifold 34a and a lower tank or manifold 34b and a core 
37a attached therebetween, each extending substantially the full width of the charge air 
cooler unit. Lower CAC unit 32 is positioned in front of the lower portion of radiator 22, 
with respect to air flow direction 46, and the lower end and sides of unit 32 are 
coincident with the lower end and lower sides of radiator 22. Rear face 35d of CAC unit 
30 is abutted to or slightly spaced from radiator front face 28a. CAC unit 32 contains 
an upper tank or manifold 34c and a lower tank or manifold 34d and a core 37b 
attached therebetween, each extending substantially the full width of the charge air 
cooler unit. Both CAC cores 37a, 37b are conventional tube and fin construction. Lower 
manifold 34b of CAC unit 30 is operatively connected to upper manifold 34c of CAC unit 
32, so that charge air may flow therebetween. 

[0040] Although positioned in superficially similar manner to the prior art 

embodiment of Fig. 1 , the charge air cooler units of the present invention are quite 
different in that they are either up or down flow units, and not cross flow units. Thus, 
as shown in Fig. 5, the entering heated compressed charge air 50 flows through 
manifold 34a and downward 52 to be cooled in core 37a, made up of otherwise 
conventional tubes and cooling fins, and collected into a lower manifold 34b. This 
compressed charge air 54 is then transferred to the upper manifold 34c of lower CAC 
unit 32, where the now partially cooled charge air 56 then flows downward through core 
37b, into lower manifold 34d, and out as cooled compressed air 58 to be routed to the 
engine air intake manifold. 

[0041 ] As shown in more detail in Fig. 4, each of the cores 37a, 37b for the CAC 

units 30, 32 comprise spaced, vertically extending tubes 36, between which are 
disposed serpentine cooling fins 38, oriented to permit air flow through the unit. Such 
fins should extend between all of the tubes in the core. These tubes may be two (2) 
rows deep, as shown in Fig. 2, or any other configuration. Both charge air cooler units 
30 and 32 have a horizontal width, measured in the direction of the manifolds, which is 



greater than the vertical height of each of the units, measured between the manifolds. 
Improved heat exchanger package performance, and in particular, improved 
performance of the charge air cooler units, has been found by utilizing tubes 36 which 
are as short as possible and as numerous as possible, given the configuration of the 
charge air cooler unit. As shown in this embodiment, charge air cooler units 30 and 32 
employ tubes 36 which are oriented with the shorter vertical height of each of the units 
so that there are a larger number of shorter tubes, as contrasted to the smaller number 
of longer tubes as used in the cross flow CAC unit of Fig. 1 . 

[0042] Heat exchanger cores 26, 37a, 37b can be constructed of typical materials, 

for example aluminum, brass or copper tubes and fins. Manifolds 24a, 24b, 34a, 34b, 
34c, 34d may be any conventional materials such as plastic, aluminum, brass or copper. 

[0043] Figs. 6 and 7 depict another embodiment 20' of the present invention which 

is structurally identical to the previous embodiment, with the difference being that the 
radiator and charge air cooling units are rotated 90°, so that the CAC units are 
horizontally separated. As before, manifolds 24a, 24b of radiator 22 may be oriented in 
the same direction as manifolds 34a, 34b, 34c, 34d of CAC units 30 and 32. In this 
embodiment, all of the manifolds of the radiator and charge air cooler units are 
vertically oriented and horizontally spaced and, consequently, the fluid flow through the 
now horizontal tubes within the cores of the respective radiator and charge air cooler 
units is now horizontal. However, the performance of the heat exchanger package in 
the embodiment of Figs. 6 and 7 is the same as that in the embodiment of Figs. 2-5 
since the charge air cooler tubes are as short and as numerous as possible given that 
the horizontal width of the each charge air cooler unit is less than its vertical height. 
Alternatively, when the pressure drop of the coolant in the radiator is not critical, the 
radiator can remain as a downflow unit as in Figs. 1 -5, while CACs 30,32 are rotated 
90°to the position shown in Figs. 6 and 7. 

[0044] Fig. 8 depicts the heat exchanger package 20, 20' of the previous 

embodiments in relation to a cooling suction fan having fan blades 62 powered by a fan 
motor 60. The heat exchanger package 20, 20" is in line with the area swept by the fan 
blades to move the outside ambient cooling air 46 through each of the CAC units 30, 32 
and radiator 22. Preferably, CAC manifolds 34b, 34c are positioned in line with the 
center of the fan blades 62 and fan motor 60, where airflow is low or nearly zero. A fan 
shroud (not shown) may be positioned circumferentially around the fan blades and the 
heat exchanger package top and side edges to contain and direct the airflow. In 
operation, ambient cooling air 46 presented to approximately half of the heat exchanger 
package 20 or 20" flows sequentially and in series through the free front face 28a of 
radiator core 26 (shown at the upper end), out through the rear face 28b and, now 
having been heated to above ambient temperature, then immediately flows through 
adjacent front face 35a of CAC unit 30. After passing through CAC core 37a, the 



cooling air passes out through rear face 35b. In the other approximately half of heat 
exchanger package 20 or 20" (shown at the lower end), ambient air 46 flows 
sequentially and in series through front face 35c of core 37b of CAC unit 32, and out of 
CAC rear face 35d and, now having been heated to above ambient temperature, then 
immediately through adjacent face 28a of radiator 22. After passing through the lower 
portion of radiator core 26, the ambient cooling air then exits through free rear face 
28b of radiator 22. Notwithstanding the fact that it is heated as it passes through the 
fins of the radiator and CAC units, unless otherwise specified, the term ambient air 
includes all of the cooling air as it passes through heat exchanger package. 

[0045] The operational flow of fluid to be cooled is such that, as shown in Fig. 5, the 

initially hot engine coolant 40 is received in the upper portion of radiator 22 and cooled 
as it passes downward 42 through radiator core 26, given that ambient air 46 is at a 
lower temperature than the incoming engine coolant 40. Incoming compressed charge 
air 50 is normally at a higher temperature than the incoming engine coolant, and is 
initially passed through upper charge air cooler unit 30. This heated charge air flows 
through core 37a and is then cooled by air 46, after that air passes through and is 
heated by the upper portion of radiator core 26. The partially cooled compressed 
charge air 54 then passes from lower manifold 34b to upper manifold 34c of lower CAC 
unit 32. CAC unit 32 is in front of the lower portion of radiator 22 with respect to the 
cooling air flow, and as the charge air 56 passes downward through core 37b, it is 
cooled by the fresh ambient air before it passes out through manifold 34d of CAC unit 
32 as cooled compressed air 58, which is then routed to the air intake manifold of the 
engine. 

[0046] The flow of ambient cooling air may be reversed for the embodiments 

described herein, so that it flows in direction 46" (Figs. 5 and 7). To accomplish this, a 
blower fan may be used in place of the suction fan to blow air first through the fan and 
then through the heat exchanger package. Additionally, the flow of fluids to be cooled 
may be reversed from that described above. The cooling performance of the heat 
exchanger package, including the CAC units, has been determined to be substantially 
the same when reversing the flow of the ambient cooling air, so that it flows in direction 
46\ and/or reversing the flow of the charge air, so that the charge air enters through 
manifold 34d and exits through manifold 34a. 

[0047] Although in the preferred embodiment of the present invention, there are no 

non-overlapping regions between the top, bottom or sides of the radiator and the 
corresponding top, bottom and sides of the CAC units, the heat exchanger package of 
the present invention may include such non-overlapping regions. For example, as 
shown in Fig. 8, radiator ends 25a 1 or 25b' adjacent manifolds 24a, 24b, respectively, 
may extend above and below the corresponding charge air cooler unit ends 39a, 39d, 
adjacent manifolds 34a, 34d, respectively. Alternatively, ends 39a\ 39d' of the charge 



air cooler units may extend above and below the upper and lower ends of the radiator 
25a, 25b. As shown in Fig. 3, it is also possible for there to be non-overlapping regions 
along the sides of the heat exchanger package. One or both of radiator sides 27a', 27b' 
may extend beyond the sides of the heat exchanger units 33a, 33b. Alternatively, any 
of the charge air cooler sides 33a 1 , 33b' may extend beyond the sides of radiator sides 
27a, 27b. If any such non-overlapping regions are used, the portions of either of the 
charge air cooler units or radiator extending beyond and behind the other will then 
receive fresh ambient air. Additional heat exchangers typically employed in motor 
vehicles may be used in the heat exchanger package of the present invention, such as 
oil and transmission coolers, and secondary charge air coolers units may also be used, 
either in front of or behind upper or lower portions of the package. 

[0048] A preferred embodiment of the manifold connection between the charge air 

cooler units is depicted in Fig. 9. CAC unit 30 has on it a lower end manifold 34b, and 
CAC unit 32 has on its upper end manifold 34c. As depicted manifolds 34b and 34c are 
connected around both opposing side edges of radiator 22 by connecting conduits 31a, 
31b, which pass the partially cooled compressed charge air 54 from CAC unit 30 to CAC 
unit 32. 

[0049] Referring to Fig 1 0, a heavy duty highway truck 70 is shown including engine 

72 located in engine compartment 76 at the front portion of the truck. The vehicle 
includes a lower frame 74 having the combined radiator/CAC heat exchanger package 
20, 20" mounted vertically at the front end of engine compartment 74. The fan is 
mounted within fan shroud 78 positioned behind the heat exchanger package. The 
radiator and charge air cooler are operatively connected to engine 72 by hoses 71 , 73, 
respectively, which provide the engine coolant and engine charge air. Fig. 1 1 depicts 
the heat exchanger package of the invention 20, 20" mounted at the rear of a bus 
behind grill 82, or at the side near the rear (in phantom lines). 

[0050] Models of the present invention heat exchanger package as compared to the 

prior art of Fig. 1 have shown significant reduction in hot side air flow charge air 
pressure drop of a turbocharged engine, with an insignificant increase in charge air and 
coolant temperatures. Such increased performance is shown in such models even at 
high charge air flow rates. 

[0051] Thus, the heat exchanger package of the present invention provides a 

combination radiator and charge air cooler which achieves high heat transfer 
performance with a minimal frontal area, while minimizing pressure loss to the fluids. It 
is particularly useful to cooling fluids such as engine coolant and charge air used in the 
engine of a heavy duty truck, highway bus or other motor vehicle. In particular, the 
combination radiator and charge air cooler heat exchanger package disclosed herein 
satisfies the requirements of these vehicles for low charge air pressure drops, to obtain 
maximum performance from their turbo- and supercharges, while still providing 



satisfactory cooling to the engine coolant and charge air. Additionally, these vehicles 
often operate in high altitudes and low air density, which the heat exchanger package of 
the present invention is able to accommodate. 

[0052] While the present invention has been particularly described, in conjunction 

with a specific preferred embodiment, it is evident that many alternatives, modifications 
and variations will be apparent to those skilled in the art in light of the foregoing 
description. It is therefore contemplated that the appended claims will embrace any 
such alternatives, modifications and variations as falling within the true scope and spirit 
of the present invention. 

[0053] Thus, having described the invention, what is claimed is: 

Claims 

[cl] 

1 . A heat exchanger apparatus comprising: 

a first heat exchanger for cooling a first fluid having opposite front and rear faces 
through which cooling air flows, opposite first and second ends adjacent the faces, and 
sides adjacent the faces between the first and second ends; 

a second heat exchanger for cooling a second fluid having two portions, each second 
heat exchanger portion having opposite front and rear faces through which cooling air 
flows, opposite first and second ends adjacent the faces, and sides adjacent the faces 
between the first and second ends, and including manifolds at the first and second ends 
and fluid-carrying tubes extending substantially directly therebetween, 

one of the second heat exchanger portions being disposed in overlapping relationship 
and adjacent to the first end of the first heat exchanger with the first and second ends 
of the one of the second heat exchanger portions being oriented in the same direction 
as the first and second ends of the first heat exchanger, wherein one face at the first 
end of the first heat exchanger is disposed adjacent one face of the one of the second 
heat exchanger portions, such that the cooling air may flow in series through the first 
end of the first heat exchanger and the one of the second heat exchanger portions, 

the other of the second heat exchanger portions being disposed in overlapping 
relationship and adjacent to the second end of the first heat exchanger with the first 
and second ends of the other of the second heat exchanger portions being oriented in 
the same direction as the first and second ends of the first heat exchanger, wherein the 
other face at the second end of the first heat exchanger is disposed adjacent one face of 



